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Introduction
According to epidemiological data, cardiovascular disease (CVD) is the leading cause of death and disability [1, 2] . People who develop CVD not only bear extreme suffering leading to declines in quality of life but also pose a heavy economic burden to their families and the society. BMI and waist circumference are correlated with risk for CVD, its risk factors, and overall mortality,additionallyweight loss medications, but not behavior-based interventions, were associated with higher rates of harms [3] . Therefore, it is of practical importance to identify an appropriate method, especially an no-drug method, of improving the risk factors of CVD and reducing its incidence. Moderate-intensity continuous training (MICT) is often considered an effective way to reduce risk factors of CVD [4, 5] . However, in recent years, a popular protocol calledhigh-intensity interval training (HIIT) which involved brief high-intensity by rest or brief but slightly longer bouts of very low-intensity exercise, is one of the most effective means of improving cardiorespiratory and reducing risk factors of CVD [6] [7] [8] . Therefore, a body of experimental studies have been conducted to compare the effects between HIIT and MICT, but their results are inconsistent and inconclusive. Indeed, some experimental studies reported HIIT were more effective than MICT in reducing risks of CVD [9] [10] [11] , but other studies did not find this result [12] . Although previous meta-analyses have been conducted to compare the effects between two training methods in adolescents with abnormal glucose and lipid metabolism [13, 14] , the results HIIT vs. MICT for reducing risk factors of CVD are inconsistent [11, [15] [16] [17] [18] [19] . Therefore, we aimed to quantitatively combine data from experimental studies compare the effect between HIIT and MICT in reducing risk factors of CVD in adults with overweight and/or obesity. Findings from this study may serve important evidence for prevention CVD in adults with overweight and/or obesity.
Methods

Literature search
This research program has been registered on the PROSPERO System Evaluation Registration Platform, registration number: CRD42016045835. This study has been reported according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA) guidelines. The searched databases included PubMed, Embase, Cochrane, CENTRAL, PEDro and CNKI. The search strategy comprised key phrases 'interval training' OR 'interval exercise' OR 'intermittent exercise' OR' intermittent training' ADN 'overweight' OR 'obesity' OR 'obese' to identify relevant trials, the search strategy was limited to adults, and not animals, adolescent, child. The publication dates of the articles were restricted to the period between the year when the database was built to July 20, 2018.
Study inclusion and exclusion criteria
Inclusion criteria were as follows: (a) randomized controlled trial (RCT) or controlled clinical trial (CCT); (b) healthy participants � 18 years old, BMI � 25; (c) HIIT intervention and MICT intervention,HIIT defined as activities with intermittent bouts of activity that were performed at maximal effort, �75% VO 2max , �75% HR reserve or the relative intensity of at least 85% HR max , The study included a HIIT session lasting �4 min/set interspersed with an interval of rest or active recovery; (d) � 4 weeks with intervention; (e) outcome indicators included at least one of the following: weight, body mass index (BMI), fat mass% (fat%), VO 2max , triglyceride (TG), total cholesterol (TC), low-density lipoprotein (LDL), high-density lipoprotein (HDL), fasting blood glucose (FBG) and insulin; (f) the study reported that baseline BMI of HIIT participants or baseline BMI could be calculated from the provided data; (g) the article was written in English or Chinese. Exclusion criteria were as follows: (a) participants with chronic diseases, such as diabetes, hypertension, or other diseases constituting a special population; (b) studies on one-time acute exercise; (c) interventions including strength training, diet or medicine; (d) HIIT without supervision.
Data collection
Two authors independently screened titles and abstracts of potentially eligible studies and downloaded the full texts. Discrepancies between the two authors during the literatures exclusion were solved through reaching consensus with each other. Another way of obtaining eligible studies was through examining the references of relevant studies.
Literature quality evaluation
The quality of the literature was evaluated according to the risk bias evaluation method adopted by Costigan et al. [14] in a meta-analysis of HIIT-related research. The eight evaluation items were as follows: (a) inclusion criteria; (b) randomized grouping; (c) baseline similarity; (d) rater-masked; (e) intentional analysis; (f) participants' withdrawal proportion was less than 20%; (g) the sample quantity met the requirements; (h) accurate results were reported. The two researchers used '' p '' (with clear description), "×" (without description) and "?" (unknown or inadequate description) to evaluate each included article. The inconsistent results were solved through discussion among the research group, and each article with a '' p '' was counted.
Statistical treatment
Given the consistency of variable units between the same outcome indicator among the continuous variables in the included studies, we compare the changes from baseline to end-point data between groups. Some SD of change is sometimes not supplied, based on Cochrane Handbook for Systematic Reviews of Interventions, we calculate the correlation coefficients using a complete report of the study, and use the correlation coefficients to estimate the SD of the changes from baseline to end-point. Within-group meta-analyses were completed for continuous data using the baseline and post-intervention values. Random-effects models were used in this study for the meta-analysis of included studies. Standardized mean difference (SMD)and 95% CI were calculated in this study for statistical analysis. According to the characteristics of the literature, the factors of durations of HIIT training interval and energy expenditure were analyzed to test the effects of different subgroups. The statistical heterogeneity was examined using I 2 between included studies and Cochran's Q-test. It was defined as non-existent, low, medium and high heterogeneity when I 2 values were < 25%, 25~< 50%, 50~< 75%, and � 75%, respectively [19] . Egger test was adopted to detect publication bias. When there was a significant Egger test for publication bias (P <0.05), the trim and fill method was performed to estimate the impact of publication bias on the results [20] . Furthermore, to test the reliability of the results of this study, the following two methods were used to conduct a sensitivity analysis: one article was removed each time to examine whether each article had a significant influence on the effect. 
Subgroup moderator analysis
HIIT must be applied appropriately by manipulating key programming variables (frequency, intensity, training interval, recovery interval). There are difference contributions of the anaerobic energy systems during events of differing training interval and intensities. The phosphagen and fast glycolytic are the primary energy systems when durations of HIIT training interval < 2 min (DHTI < 2 min), the fast glycolytic energy systems will be gradually depleted when durations of HIIT training interval � 2 min (DHTI �2 min) [22] . HIIT programmes were divided into the following subgroups: DHTI � 2 min and DHTI < 2 min. Energy expenditure values were included if reported in the manuscript or were calculated using reported data for group mean VO 2max and protocol intensity/duration assuming a 21 kJ min -1 energy expenditure during exercise at a VO 2 of 1 L min -1 [19]. When exercise energy expenditure (EE) was reported or can be estimated by reported data, the studies were classified as HIIT equal to MICT (H = M), HIIT less than MICT (H<M) or HIIT more than MICT (H>M). On the contrary, when exercise EE was not reported and cannot be estimated, such as sprint interval protocols that have a large anaerobic component, the studies were classified as Not Clear (?). AZtest was performed to compare the mean effect across subgroups.
Results
Literature search and selection
A total of 3580 articles were searched from each database; 3274 articles were excluded according to the inclusion and exclusion criteria, and 22 articles were included . The literature screening process is shown in Fig 1. 
Literature characteristics
There were 620participants in the 22 articles examined in this study. A total of 310subjects were in the HIIT group, with 6~29 subjects in each group; a total of 310 subjects were in the MICT group, with 7~29 subjects in each group. The training frequency was 3~5 times a week, and the cycle was 4~12 weeks. The participants included in this study were trained by ergometry cycle [24, 26, 28 
Bias and sensitivity analysis
Of the 22 articles, 5 articles were classified as low risk (risk of bias assessment ranging from 78 ), 16 articles were classified as moderate risk (risk of bias assessment ranging from 4~6), and one article was classified as high risk (risk of bias assessment ranging from 0~3), Risk of bias assessment of included studies are presented in Table 2 . According to the sensitivity analysis of the 22 articles, if statistical models were replaced and one article was removed each time to perform a meta-analysis again, the results of effect would not change meaningfully, indicating that the results of the meta-analysis in this study were reliable. Egger test for fat% and Insulin determined indication of publication bias, the trim and fill method was proformed to fat% and the rusults suggested that 5 studies were missing, before trim and fill(SMD:-0.159, 95%CI: -0.509~0.191), after trim and fill(SMD: 0.642, 95%CI: 0.443~0.930), these values were changed after using the trim and fill method under the random-effects model, it suggestes that publication bias has great influence on the stability of fat%. The same method suggests that 2 studies were missing to Insulin, these values were unchanged using the trim and fill method under the random-effects model, it suggestes that the effect of publication bias on Insulin can be ignored. Egger test show no significant publication bias for other of the outcome variables (Table 3) .
Results of meta-analysis
Within-group analyses are showed in Table 3 additionally, HIIT can reduce LDL(SMD:0.445 and 0.287 for HIIT and MICT, respectively) but not find in MICT. There was no significant effect of HIIT or MICT on TG, HDL, FBG and Insulin. Comparisons of HIIT and MICT interventions revealed no significant differences in their effects on any measure of body composition, aerobic capacity, lipid and glucose metabolism index (Table 3) .
Subgroup analysis
The results of the subgroup analysis of the effects on outcomes are shown in Table 4 . Compared with MICT, subgroup of DHTI � 2 min can significantly increase VO 2max (SMD = 0.444, 95% CI: 0.037~0.851, P = 0.032). According to the energy consumption, HIIT were divided into the following subgroups: H = M, H<M, H>M and ?, there are no articles including the subgroup of H>M. Compared with MICT, subgroup of H = M can significantly increase VO 2max (SMD = 0.399, 95% CI: 0.106~0.692, P = 0.008). There was no significant difference across subgroups in the mean effect (Table 4) .
Discussion
Different exercise modes produce different training effects on body [45] . HIIT and MICT can induce significant improvements in body composition, VO 2max and TC. Both HIIT and MICT 
Effects of HIIT and MICT on body composition
The results showed that there were no significant differences between HIIT and MICT in reducing fat%, BMI and weight. [32] adopted HIIT and MICT in interventions for volunteers with overweight or obese under the same total energy consumption and found no significant differences between HIIT and MICT in reducing fat% and weight, but the exercise time of HIIT was much less than that of MICT. As a result, the consumption of total energy plays a more critical role in weight loss relative to the exercise intensity[55], yet it can also consume large amount of total energy to achieve weight loss through a longer period of MICT [56] . In our study, the duration time of one session of the MICT(39.7±15.5 min) programs is more than that of HIIT(30.0±10.2 min). This review indicates that HIIT may provide similar benefits of improving body composition in less energy expenditure compared with MICT, the benefits of HIIT on fat loss have been proposed to reflect changes in appetite responses and an augmented excess post-exercise oxygen consumption (EPOC)[53], additionally, HIIT has greater potential for muscle glycogen depletion than MICT [19] . However, weight loss management is along-term process, the Institute of Medicine defined weight loss maintenance as losing at least 5% of body weight, or reducing body mass index (BMI) by at least 1 unit, and keeping weight below this minimum amount for at least 1 year[57], either HIIT or MICT implemented in long-term is likely to produce clinically meaningful fat loss. Publication bias has great influence on the stability of fat%, thus more studies on the comparison of fat reduction effects between HIIT and MICT need to be studied in future.
Effects of HIIT and MICT on VO 2max
In individuals with poor cardiorespiratory fitness, it is much easier to identify CVD than obesity [58] . The risk of CVD decreases by 15% as long as the aerobic capacity increases 1-Metabolic Equivalent of Energy (MET) [59] . Thus, improving cardiorespiratory fitness confers major health benefits for both individuals with obesity and the population with CVD [60]. VO 2max is recognized as the important predictors of mortality among cardiac patients, several studies had shown that HIIT was safe in cardiac patients [61] , HIIT also can improve VO 2max for healthy subjects [62] , patients with heart failure [63] . Some researches indicated that HIIT results in greater improvements in VO 2max compared to MICT [64, 65] , but the results of this review showed that there was no significant difference of HIIT and MICT on improving VO 2max . Interestingly, subgroup analysis of this study found that DHTI � 2 min had greater effectiveness than MICT, but the effect of DHTI < 2 min on improving cardiorespiratory fitness was similar to that of MICT, which indicates that DHTI � 2 min obtain more advantage in improving VO 2max (SMD = 0.444, 95% CI: 0.037~0.851, P = 0.032), partly because of DHTI� 2 min can keep the heart and lungs in a relatively high working state for a long time.
It can be seen that it is necessary to maintain a certain period of time in a higher intensity in order to increase cardiopulmonary fitness. What is the relationship between energy consumption of different sports modes and cardiopulmonary fitness? When compared the energy consumption and the DHTI subgroup, we were surprised to find that 5 of the 6 articles in the DHTI � 2 min subgroup were equal energy expenditure of HIIT and MICT (Figs 2 and 3 ). It can be seen that energy consumption plays an important role in improving VO 2max , furthermore, subgroup analysis showed that HIIT (SMD = 0.399, 95% CI: 0.106~0.692, P = 0.008) had an advantage in improving cardiopulmonary fitness with the same energy expenditure as MICT (Fig 3) . The possible mechanisms of HIIT to improve cardiorespiratory fitness are as follows: In work-matched comparisons, maximum stroke volume increased more following HIIT relative to MICT, HIIT programme elicited an significant increase in skeletal muscle mitochondrial respiration compared with MICT [66] , stroke volume and skeletal muscle mitochondrial respiration enhanced the oxygen utilization rate in peripheral blood, thereby improving VO 2max and cardiorespiratory fitness. However HIIT and MICT can achieve similar increases in muscle oxidative capacity, as reflected by the activity of cytochrome c oxidase (COX), COX subunits II, IV protein content [67] and 3-hydroxyacyl CoA dehydrogenase [68] . So both durations of training interval and total exercise load play an important role in improving cardiopulmonary fitness, and HIIT has an advantage in improving cardiopulmonary fitness when energy expenditure of HIIT equal to MICT.
Effects of HIIT and MICT on lipid metabolism
Individuals with obesity often suffer from lipid metabolism disorder [69] , which leads to increase risk of CVD [70] . Exercise is especially known as an economic and effective approach to reduce fat accumulation, however, the results of this review comparisons of HIIT and MICT interventions revealed no significant differences in their effects on TG, TC, LDL, HDL. There was no significant difference in the changes of TC [71] , HDL [72] , LDL [73] , triglycerides [74] , and C-reactive protein [75] between HIIT and MICT in the studies examining the improvement of lipid metabolism. The effects of exercise on blood lipid levels in individuals with overweight or obesity depend on blood lipid levels before exercise, exercise intensity, exercise duration, body composition, calorie intake, metabolic rate and lifestyle et al [76] [77] [78] .
HIIT and MICT in improving TG, TC, LDL, and HDL in adults with overweight and/or obesity may be related to the abovementioned factors, which indicates that these factors should be fully considered in studies examining the influence of exercise mode on blood lipid levels. But the results of this study indicated that HIIT and MICT modes resulted in statistically significant reductions in TC(SMD:0.467 and 0.488 for HIIT and MICT, respectively). Several studies have shown that the decomposition and metabolism of fat have strong sensitivity to hormones [79] , and exercise can significantly increase epinephrine, norepinephrine and growth hormone [80] and stimulate fat decomposition [81] , the results of this study show that HIIT and MICT are effective approach to reduce TC. Accumulation of LDL inside the blood vessels serves as a major cause of arteriosclerosis, regular exercise enhances the heart and vessel functions and can thus prevent or delay the progress of CVD in part by improving cholesterol levels [82] . This study find that HIIT resulted instatistically significant reductions in LDL 
Effects of HIIT and MICT on glucose metabolism
Exercise is an effective way to reduce insulin levels [83] , insulin-dependent glucose disposal increases following exercise [84] , HIIT tended to be superior in reduction FBG and insulin resistance compared with MICT [18, 85] . Some studies found that HIIT can induce higher expression and translocation of glucose transporter 4 (GLUT4) on skeletal muscle cell membrane surfaces in comparison with MICT [86, 87] . Metcalf et al. [88] noted in an observational study lasting 6~19 years that the effect of regulating insulin and improving insulin resistance will meaningfully weaken or even disappear without enough exercise intensity and suggested that intermittent exercise of sufficient intensity is needed. Improvement of insulin sensitivity is localized to contracting muscle, HIIT recruit a larger proportion of muscle fibres compared with MICT [89] , thus HIIT can improve the efficiency of insulin transportation and insulin sensitivity, thereby reduce blood sugar and inhibiting excessive insulin secretion. However a meta-analysis reported no difference between HIIT and MICT [90] . Tjønna et al [91] . reported a reduction in the FBG of patients with metabolic syndrome after 16 weeks of either continuous exercise or intermittent exercise. Gayda et al. [92] reported that intermittent exercise is as effective as continuous exercise for reducing FBG in patients with chronic heart failure. This study found that there was no significant difference between HIIT and MICT in the improvement of FBG and insulin levels, partly because of the included subjects are overweight and/or obesity adults without metabolic diseases. It is noteworthy that the changes in glucose metabolism with either modality was small in terms of clinical meaningfulness, but, given the health benefits of exercise are fundamental in populations with obesity.
Limitations
A major limitation of this study is the heterogeneity of the included literature. Although the heterogeneity was reduced by subgroup analysis, some subgroups still had high heterogeneity, which may have affected the reliability of the results. However, this study used the randomeffects model to avoid the adverse effects of high heterogeneity. Publication bias has great influence on the stability of fat%. Cardiovascular risk factors involve many aspects, this study was restricted to analyze the aspects of body composition, aerobic capacity and glycolipid metabolism. Hence, the conclusions may be limited.
Conclusions
HIIT appears to provide similar benefits to MICT for improving body composition, VO 2max and TC, but HIIT spent less time than MICT by 9.7 min on one session of training, HIIT can be considered as a time-efficient exercise mode for managing overweight and obese individuals. HIIT resulted instatistically significant reductions in LDL but not in MICT. HIIT is superior to MICT in improving cardiopulmonary fitness when durations of HIIT training interval � 2 min or energy expenditure of HIIT same as MICT. Prospect: The HIIT mode includes manipulating key programming variables such as frequency, intensity, training interval, recovery interval, the different combinations of these variables will confer different benefits to physical function. Future research directions may include examining which training combinations are more advantageous to improving cardiovascular risk factors. 
